Ascobin (compound composed of ascorbic acid and citric acid) is considered one of exogenous protectants which may alleviate the harmful effects of salinity stress. Pot experiments were performed at the screen greenhouse of National Research Centre, Cairo, Egypt to study the effect of foliar treatment of two cultivars of wheat plant with different concentrations of ascobin (0, 200, 400 and 600 mg/l) on some biochemical parameters, antioxidant enzymes, element contents and amino acid constituents of two cultivars of wheat plant grown under different salinity levels (0.0, 3000 and 6000 mg/l) in 2011/2012 and 2012/2013. Salinity with different concentrations levels increased phenolic compounds contents of the two wheat cultivars. The activities of antioxidant enzymes (SOD, CAT, POD, PPO, AXP and GR) dramatically increased due to salinity stress. Amino acid content was increased in cultivar Sids 1, while the content was decreased in cultivar Giza 168 in all salinity treatments. Increments in the above mentioned parameters compared to the untreated plants at normal and stressed conditions. The magnitude of increments was much more pronounced in response to 600 mg/l of ascobin. It could be concluded that, foliar treatment of wheat cultivars with ascobin could partially alleviate the harmful effect of salinity especially at the lower levels of salinity of the two cultivars of wheat at most of the studied parameters.
Introduction
Wheat (Triticum aestivum L.) is one of the important growing cereal crops in Egypt. Although wheat production per unit area in Egypt has significantly increased during the past years, wheat production supplies about 40% of its annual domestic demand and it is still essential to increase wheat productivity. Extending wheat growing outside the Nile Valley where most of its area suffers from salinity or depends on water sources having relatively higher level of salinity. Therefore, there is a need to find means for enhancing the ability of wheat to tolerate salinity and consequently increase its productivity under salinity stress conditions, which limit growth and productivity of most agricultural crops [1] . Salinity imposes both ionic and osmotic stresses on plants. Salt tolerance in plants is a complex trait, which varies widely among closely related species and even of different varieties of the same species. Differences between closely related plants are particularly interesting to identify a small number of factors responsible for salt tolerance [2] . Salinity stress has been studied in relation to regulatory mechanisms of osmotic and ionic homeostasis. Tolerant genotypes respond to salinity stress with complex changes in their physiological and molecular status. During the course of salinity stress, active solute accumulation of osmotic solutes such as soluble carbohydrates, proteins and free amino acids is claimed to be an effective stress tolerance mechanism. The adaptability of plant species to high salt concentrations in soil by lowering tissue osmotic potential was accompanied by accumulation of these osmotic solutes [3] . Due to salinity, growth reduction is also credited to ion toxicity and nutrient imbalance, which not only causes high sodium (Na + ) and chloride (Cl − ) accumulation in plants, but also destructively affects the uptake of essential nutrient elements such as potassium (K + ), calcium (Ca 2+ ) and magnesium (Mg 2+ ) in contrast with Na + and Cl − . Cations such as K + and Na + are recognized to be the main inorganic elements, which make available the needed osmotic potential for water uptake by plant cells. The ratio of K + and Na + in the cytosol is necessary for usual cellular functions of plants [4] . In addition, several factors associated with salinity stress can lead to an increase in reactive oxygen species (ROS). By scavenging free radicals, an active antioxidative defense system comprising enzymatic and non-enzymatic antioxidants reduces the level of oxidative stress in plant cells [5] . At the cellular level, salt inducing oxidative damage can be determined by malondialdehyde, a lipid peroxidation product, which is accumulated in plants under saline stress [6] .
Recently, a great attention has been focused on the possibility of using natural and safety substances in order to improve plant growth, flowering and fruit setting. In this concern, antioxidants have synergistic effects on growth, yield and yield quality of many plant species. These compounds have beneficial effects on catching the free radicals or the active oxygen (singlet oxygen, superoxide anion, hydrogen peroxide, hydroxyl radicals and ozone) produced during photosynthesis and respiration processes [7] . One of the most familiar antioxidants is ascorbic acid which is synthesized in higher plants and affects plant growth and development [8] . The ability of ascorbate to lose or donate electrons to produce monodehydroascorbate (MDHA) is the basis of its biologically useful antioxidant capacity [9] . Thus, high endogenous AsA in plants is necessary to counteract oxidative stress in addition in regulating other processes of plant metabolism. Endogenous AsA can be increased by exogenous application of AsA through the rooting medium [10] , as a foliar spray or as seed priming. Citric acid is among the inter mediate organic acids in Krebs cycle which produces cellular energy by oxidative phosphorylation [11] .
Therefore, the present investigation aims to study the effect of ascobin (mixture of ascorbic acid + citric acid at 60:40) on some biochemical compounds and antioxidant enzyme activities, lipid peroxidation, macro element and amino acid contents of two cultivars (Sids 1 and Giza 128) of wheat plant growing under salinity stress.
Materials and Methods
A pot experiment was conducted in the greenhouse of the National Research Centre, Dokki, Cairo, Egypt in the winter seasons of 2011/2012 and 2012/2013 to study the effect of salinity and ascobin (mixture of ascorbic acid + citric acid in the ratio of 2:1) on some biochemical and antioxidant activities, lipid peroxidation and amino acid constituents of two cultivars of wheat plant growing under salinity stress. The treatments were as follows: a) Salinity: Irrigation by salt water with concentrations tap water (TW) as a control (300 mg/l) 3000, 6000 mg/l and their EC concentrations are equal 0.03, 3.2 and 6.1 dsm − respectively. The salt type used in irrigation was mainly the chloride mixture suggested by [12] . The salt components of salt mixture are shown in Table 1 . b) Ascobin (ascorbic acid and citric acid 2:1): Spraying of ascobin in the rate of 200, 400 and 600 mg/l twice at 30 and 45 days from sowing. Experimental pot contained 30 Kg of air dried clay loam soil and sandy soil in the ratio of 2:1. Grains of wheat (Triticum aestavum L.) C.V. Sids 1 and Giza 168 (obtained from Agricultural Research Centre Giza, Egypt) sown in the 1st December, 2011 and 2012. Calcium super phosphate (15.5% P 2 O 5 ) and potassium sulfate (48% K 2 O) in the rate of 3.0 and 1.50 g/pot were added, respectively, before planting. Ammonium sulfate (20.5% N) in the rate of 6.86 g/pot was added in two equal doses, the first one was add after two weeks from sowing and the 2nd two weeks later. Thinning was done after 15 days so that 5 uniform seedlings/pot were left for other tested parameters. Irrigation with different salt water solution in different concentrations (two irrigations by salt water and the next was by freshwater alternatively). Every treatment consisted of 5 replicates distributed in a completely randomized design system.
Plant samples were taken at vegetative stage (75 days after sowing) for determination of some biochemical compound such as phenolic contents, lipid peroxidation, some oxidative enzyme activities, amino acid and macro elements in the two cultivars shoots of wheat.
Biochemical analysis: The method used for extraction and determination of total phenolic compounds were extracted as described by [13] and determined according to method described by [14] . The levels of lipid peroxidation were measured by determining the levels of malondialdhyde (MDA). Malondialdhyde is a product of lipid peroxidation and was assayed by thiobarbituric acid reactive sustrates (TBARS) contents using the method of [15] . Amino acid contents of wheat shoots protein were determined by using HPLC (Eppdrof, Germany). Macroelement contents of N, P, K, P, Ca, Mg and Na were determined according to the method described by [16] .
Enzyme determination: The method used for extracting the enzyme was that of [17] . Super oxide dismutase (SOD, EC 1.12.1.1) activity measured according to the method of [18] . Catalase (CAT, EC 1.11.1.6) activity assayed according to the method of [19] . Peroxidase (POD. EC 1.11.1.7) activity assayed according to the method described by [20] . Polyphenol oxidase (PPO, EC 1.10.3.1) activity assayed using the method of [21] . The activity of ascorbate peroxidase (APX, EC 1. 11. 1. 11) was assayed according to [22] . The activity of glutathione reductase (GR, EC 1. 6. 4. 2) was measured according to [23] . All the enzyme activities were calculated and expressed as unit min −1 ·g −1 fresh weight.
The obtained results were subjected to the statistical analysis by M-STAT-C statistical analysis program [24] . Since the trend was similar in both seasons, Bartlett's test and the combined analysis of the two growing seasons were applied. Means were compared using least significant difference test at 5% level.
Results and Discussion
Total phenolic content: Total phenolic content of shoot of the two used cultivars exposed to different concentrations of salinity stress is shown in Figure 1 . The amount of total phenolic content increased significantly and gradually with increasing salinity levels. The highest amount of total phenolic was observed in shoot exposed to 6000 mg/l salinity level of the two cultivars. Data also show that cultivar Sids 1 gave higher total phenolic content than cultivar Giza 168 in response to salinity stress. The results also revealed that, foliar treatment with ascobin with different concentrations increased total phenolic contents as compared with control plant and the corresponding salinity levels. The potential of phenolics to act as an antioxidant is mainly due to their properties to act as hydrogen donators, reducing agents and quenchers of singlet O 2 [25] . The synthesis of phenolics is generally affected in response to different biotic/abiotic stresses including salinity [26] . Higher activity of phenolics could be due to the greater H-donating ability and radical stabilization than a variety of other antioxidant metabolites [25] . Levels of phenolic also increases under increasing levels of salinity, which shows that, the induction of secondary metabolism is one of the defense mechanisms adapted by the plants to face saline environment [27] . Also ascobin foliar treatment increased total phenol contents as compared with control plants and the corresponding salinity levels. Lipid peroxidation: Variations in the contents of MDA are presented in Figure 2 . Salinization significantly exerted increases in lipid peroxidation having a maximum at 6000 mg/l salinity level in the two tested wheat cultivars especially cultivar Sids 1. Foliar application of ascobin with different concentrations on wheat cultivars attenuated the effect of salinity compared with the corresponding salinity levels. [28] [29] reported that lipid peroxidation increased with salt levels on different plant species. These increases may be attributed to that salinity could modify the membrane structure and stimulate O 2 production, which facilitates lipid peroxidation [30] . The inhibitory effects of exogenous ascorbic acid and citric acid on MDA were obtained on bean plants [31] and on bean plant [29] . The inhibitory effect of ascorbic acid on lipid peroxidation may be due to that antioxidant would inhibit stress-induced increases in the leakage of essential electrolytes following peroxidative damage to plasma membranes [31] .
Antioxidant enzymes: With regard to antioxidant enzymes, the activity of antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), peroxidase (POD), polyphenol oxidase (PPO), ascorbate peroxidase (AXP) and glutathione reductase (GR), activities dramatically increased due to salinity stress. The lowest and highest activity was observed in control and 6000 mg/l salinity stress treatments, respectively (Figure 3 and  Figure 4 ). SOD and catalase increased significantly as salinity levels increased. In the current study, POD and PPO activities were enhanced as result of salinity stress (Figure 3 and Figure 4 ). The differences in the activity of antioxidant system among the two wheat cultivars revealed that salinity stress induce more activities of SOD and catalase enzymes in cultivar Sids 1 than in Giza 168 meanwhile the reverse were true in POD and PPO enzymes (activities higher in cultivar Giza 168 than in Sids 1) as compared with control plants. Thus, it could be concluded that there was a strong correlation between salt tolerance and enzyme activities. On the other hand, the activities of APX and GR were significantly increased in both cultivars under saline conditions. It is noticeable that the activities of APX and GR were greater in cultivar Sids 1 than Giza 168. With respect to ascobin treatment on the two cultivars, foliar treatment of ascobin with different concentrations markedly reduced the activity of SOD and catalase enzymes. In the meantime stimulated the activities of both POD and PPO enzymes in both wheat cultivars either under saline or non-saline conditions. Foliar treatment of ascobin markedly stimulated the activities of APX and GR enzymes in both wheat cultivars, either under saline or non-saline conditions (Figure 3 and Figure 4) . The present obtained data of salinity are in agreement with those obtained by [32] - [34] . SOD is one of the ubiquitous enzymes in aerobic organisms essential for cellular defense mechanisms against ROS. SOD modulates relative amounts of O 2− and the two Haber-Wesis reaction substrates and decreases the risk of − OH radical formation, which is highly reactive and may cause severe damage to membranes and proteins [35] . The salt-induced enhancement of CAT activity in Sids 1 indicated that it had a higher capacity for the decomposition of H 2 O 2 generated by SOD. Thus, CAT activity coordinated with SOD activity can represent a central protective role in the O 2− and H 2 O 2 scavenging process, also CAT is the main scavenger of strong oxidant H 2 O 2 in peroxisomes and it converts H 2 O 2 to water and molecular oxygen [33] . Generally, the increases of CAT activity are a strategy for improving the salt tolerance [36] . The increased SOD and CAT activity in the leaves was more conspicuous in Sids 1. (salt-tolerant) than in Giza 168 (salt-sensitive), suggesting that salt-tolerant genotype has better O 2− radical scavenging ability. Meanwhile the reverse happen in POD and PPO activities in salt-sensitive cultivar are higher (Giza 168) than salt-tolerant cultivar (Sids 1), thereby enabling plants to protect themselves against oxidative stress (Figure 3) . The active involvement of these enzymes is related, at least in part, to salt-induced oxidative stress tolerance in wheat plant. Like CAT, POD plays also a vital role in plant defense against oxidative stress by scavenging H 2 O 2 in chloroplast, cytosol, mitochondria and peroxisome of plant cells [37] .
Regarding to APX and GR, the higher activities of APX and GR in genotype Sids 1 than genotype Giza 168 were in agreement with those reported by [38] , who concluded that under salinity stress, the stimulation of APX and GR activity was much higher in salt-tolerant than those of salt-sensitive cultivar. They also reported that the greater GR activity in salt stressed tolerant cultivar indicated that these plants exhibit more active ascorbateglutathione cycle than the non-tolerant cultivar. These results could interpret that salt tolerance of cultivar Sids 1 seems to be linked with increase in the activity of antioxidant enzymes. Foliar application of ascobin had a stimulating effect on some oxidative enzymes of both cultivars. These increases were concurrently with increasing protein levels indicating that vitamins could alleviate the inhibitory effects of salt stress by enhancing protein synthesis, as vitamins might act as activators for protein synthesis [39] . Also, it could be attributed to ascorbic acid and citric acid to have direct effects on scavenge ROS (O 2− ), hydrogen peroxide (H 2 O 2 ) and singlet oxygen (O 2 ) [40] . From the present results, [41] reported that ascorbic acid plays an important role in preserving the activities of enzymes that contain prosthetic transition metal ions. Ascorbic acid acts as a primary substrate in cyclic pathway for enzyme detoxification of hydrogen peroxide [42] . In conclusion, it can be concluded that foliar Amino acid contents: With respect to amino acid contents of shoots of the two used cultivars of wheat, salinity stress with different concentrations caused marked increases in total amino acid contents, total essential amino acid contents (threonine, valine, methionine, leucine, isoleucine and phenylalanine) and increased the ratio of essential to non essential amino acids in Sids 1as compared to control plant. In the meantime, in cultivar Giza 168 it caused a slightly increases in the total amino acid contents, total essential amino acid contents, while decreased the ratio of essential to non essential amino acids. However, in the two cultivars especially at higher level 6000 mg/l, the same treatments increased markedly glutamic, proline, tyrosine, histidine, lysine, 4 NH + (is very toxic) and arginine contents compared with those of control plants ( Table 2 ). In respect to ascobin foliar treatment, in most cases increases in the content of total amino acids, essential amino acids and the ratio of essential to non-essential amino acids were obtained compared to the corresponding salinity levels in the two genotypes Sids 1 and Giza 168 ( Table 2) . It is worthy to mention that, application of ascobin before exposing wheat plants to the different concentrations of salt resulted in an observed accumulation of glutamic, proline, tyrosine, histidine, lysine and arginine contents compared with those of control plants Table 2 . Amino acids are directly or indirectly involved in the regulation of plant responses to environmental signals related to abiotic or biotic stress [43] . These obtained results are in agreement with the results obtained by the previous studies of [44] [45] on different plant species. The accumulation of total amino acids may be involved in osmotic adjustment, free radical scavenging and maintenance of protein and membrane integrity [46] . Among all individual free amino acids, proline (Pro) content in salt-treated leaves increased significantly in wheat cultivars. Proline serves as an important compatible osmolyte, and its accumulation is believed to reduce cellular water potential and avoid deleterious toxicity of high ionic strength, has also been proposed to serve as reactive oxygen species scavenger [47] and its accumulation can stabilize the structure of membranes and proteins to minimize the damage of cells under salt stress. In addition, a large increase in proline precursors, glutamate and arginine was observed in the two genotypes under salinity stress. A part from the considerable accumulation of proline and its precursors in wheat plant also induced an increases in isoleucine (Ile), leucine (Leu) and aspartate (Asp) contents. Amino acid accumulation (e.g. arginine and proline) may be considered as a detoxification mechanism of the ammonium produced in plants subjected to stress [48] . The interactive effect of different salinity levels and foliar spraying of ascobin on the two cultivars of wheat plant had increases in total amino acid and essential amino acids content. These increases in amino acids, especially proline can be one of these causes that the inhibitory effect of salinity was alleviated by ascobin foliar applications to wheat plant. Inorganic solute composition: Table 3 illustrates the effect of ascobin on the ion composition of the two wheat cultivars grown under different levels of salinity. It is noticed that salinity treatment caused decreases in the contents of N, K, Ca, Mg, and P gradually as salinity increased. Salinity exerted a more pronounced effect on the nutrient content particularly for Giza 168 than for Sids 1. Na content increased gradually as salinity level increased, and consequently, the K/Na ratio was decreased as compared with control ones. Foliar treatment with ascobin decreased the uptake of Na, and increased the uptake of N, P, K, Ca and Mg in shoot of both wheat genotypes and furthermore, the K/Na ratios increased as compared with the control. Results also showed that 600 mg/l of ascobin was more effective for increasing nutrient contents. These obtained results of salinity are in agreement with those obtained by [49] on wheat plant and [50] on flax plant. In this connection, [51] pointed out that salinization impaired N accumulation and incorporation into protein and raised total free amino acid accumulation in saline plant. Table 3 , not only because of ionic strength effect that reduce the activity of phosphate but also because phosphate concentration in soil solution is tightly controlled by sorption processes and low solubility of Ca-P minerals. Therefore, it is understandable that phosphate concentration in field grown agronomic crops decreased as salinity increased [52] . Concerning potassium concentration, [53] found an increase in Na concentration and a decrease in K concentration in leaves with high salinity, due to a possible antagonism between K and Na. This antagonism could be due to the direct competition between K and Na at the site of ion uptake at plasma lemma. The interactive effect of salinity and ascobin application act significantly on N, P, K, Ca, Mg and Na uptake ( Table 3) . Under a good water irrigation and water salinity irrigation, the uptake of all nutrients increased when the rates of ascobin increased. This increasing up to the high rate of ascobin (600 ppm) increased N, P, K, Na, Ca and P uptake so ascobin played an important role of decreasing effects of salinity of water irrigation. [54] suggest that antioxidant as ascorbic acid and citric acid could be used as a potential growth regulator to improve plant salinity stress resistance. These increases in N, P, K, Mg and Ca may be attributed to the positive effect of ascobin on root growth which consequently increased the absorption of different nutrients and alleviating the harmful effects of salinity.
